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Abstract
We have studied open charm production in γγ collisions with the TOPAZ detec-
tor at the TRISTAN e+e− collider. In this study, charm quarks were identified by
electrons (and positrons) from semi-leptonic decays of charmed hadrons. The data
corresponded to an integrated luminosity of 95.3 pb−1 at a center-of-mass energy
of 58 GeV. The results are presented as the cross sections of inclusive electron pro-
duction in γγ collisions with an anti-tag condition, as well as the subprocess cross
sections, which correspond to resolved-photon processes. The latter were measured
by using a sub-sample with remnant jets. A comparison with various theoretical
predictions based on direct and resolved-photon processes showed that our data pre-
fer that with relatively large gluon contents in a photon at small x(x ≤ 0.1), with
the next-to-leading order correction, and with a charm-quark mass of 1.3 GeV.
2
1 Introduction
Recently, several experimental collaborations at PEP/PETRA[1], TRISTAN[2, 3], and
LEP[4, 5] have reported that high-transverse momentum(PT ) jet production in (quasi-
)real γγ collisions requires a new mechanism (resolved-photon process) in addition to
the direct photon process γγ → qq¯(Fig.1-(a)). The resolved-photon processes are such
mechanisms in which the quark-gluon contents of photons participate in hard scattering
to cause the high-PT jet production[6-8]. The relevant diagrams are shown in Figs. 1-(b)
and (c) for one- and two-resolved-photon processes, respectively.
The analyses of γγ collisions at TRISTAN[2] and γp collisions at HERA[9] have pro-
vided clear results for the production of remnant jets which are regarded as the evidence
of the resolved-photon processes.
These recent data on jet production have provided us with some important information
concerning the quark and gluon contents of a photon: they are inconsistent with a model
which has very hard gluon distribution (LAC3[10]). In the jet analysis[2], however, the
sensitivity of the data was limited to high x values (x > 0.1) because of the experimental
PT cut applied in jet reconstruction and a theoretical cut (P
min
T ) introduced in order to
justify the perturbative calculation.
Charm-quark production in γγ collisions is a good tool for studying the jet produc-
tion mechanisms in two-photon processes[11]. The reaction has several advantages over
light-quark production. Since the charm-quark mass is (relatively) well defined, the free
parameter PminT is unnecessary. The dominant mechanisms for cc¯ production are only
the direct and the one-resolved processes(photon-gluon fusion); the contribution from
the two-resolved process is small. Charmed-hadron production from the vector-meson-
dominance model(VDM: Fig.1-(d))[12] is also expected to be negligible in the TRISTAN
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energy region. It should also be emphasized that higher order QCD corrections (O(αs))
are available for both the direct and one-resolved processes[11, 13, 14]. Studies of charm
production in γγ collisions thus provide a good opportunity to probe the gluon density
in the photon.
In this paper we report on a measurement of open charm production in γγ collisions
under an anti(no)-tag condition. In the PEP/PETRA experiments[15] and in our previous
paper[13, 14], charm quarks were identified by detecting D∗± signals. In this paper, we use
electrons and positrons in the final states to tag charm-quark production in two-photon
processes (hereafter, electron also implies positron). The inclusive electron method is
sensitive to the charm-quark production at relatively low PT , where the one-resolved
process contributes significantly. We can access the small Bjorken-x region down to x ∼
0.02, where model dependence is the largest among various parametrizations of the gluon
density in the photon[10,16-20]. The same kind of inclusive electron analysis was carried
out by the VENUS collaboration[21].
1.1 Cross section and Monte-Carlo simulation
In order to compare the data with theoretical predictions of the direct and the resolved
processes, we carried out a Monte-Calro simulation for each process. The cross section for
charm-quark pair production in the two-photon process e+e− → e+e−cc¯X was obtained
by applying the equivalent real-photon approximation(EPA) to the nearly on-shell virtual
photons emitted by the beam electrons[22]. Under the anti-tag condition imposed on the
scattered electrons, the photon flux factor can be written as[7, 20, 23, 24]
fγ/e(xγ) =
αem
2πxγ
(
1 + (1− xγ)2
)
ln
P 2max
P 2min
− αem
π
1− xγ
xγ
, (1)
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where
P 2min = m
2
e
x2γ
1− xγ . (2)
Here, P 2min is the kinematical minimum of the photon virtuality. P
2
max is given by
P 2max = min(P
2
max,kin, Q
2), (3)
where P 2max,kin = 2E
2
beam(1 − xγ)(1 − cos θmax) is the maximum photon virtuality deter-
mined by the experimental anti-tag condition. For the scale Q2, we set Q2 = m2c+P
2
T [20].
In this experiment, the scattering angles of the beam electrons were limited to less than
3.2◦ if their energies were greater than 0.4Ebeam(i.e. θmax = 3.2
◦ for xγ = Eγ/Ebeam < 0.6).
P 2max was mainly determined by this experimental anti-tag condition. To check the valid-
ity of the approximation, the EPA prediction was compared with the exact matrix element
calculation[25] for the direct e+e− → e+e−cc¯ process. We found that both predictions
agree at a 1% level under this anti-tag condition[20].
For the parton distribution inside the photon, we have tried two typical parametriza-
tions given by Drees-Grassie(DG)[16] and by Levy-Abramowicz-Charchula(LAC1)[10] as
working examples. The gluon distribution of LAC1 increases more rapidly than that of
DG at x less than 0.1.
For the cross sections of the subprocesses (γγ → cc¯, γg → cc¯, gg → cc¯, and qq¯ → cc¯)
we used the lowest order formulas including the charm-quark mass. The higher order
effects were taken into account by appropriately weighting the PT distribution of charm
quarks[11, 13, 14]. We used the BASES/SPRING program[26] to calculate the cross
sections of these processes and to generate events at the parton level. The charm-quark
mass(mc) used in the cross-section calculations was changed in the range 1.3 - 1.5 GeV
in order to see the effect of the mass. The threshold was set at 2 ×mD = 3.74 GeV for
the mass of the γγ system and at 2 × 1.6 GeV for that of the cc¯ system. The remnant
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jets in the resolved process were generated in the beam direction. The produced partons
were hadronized by JETSET 6.3[27]. In this program, the (constituent) charm-quark
mass(mconst.) was set to be 1.6 GeV. To ensure energy conservation, we adjusted the
momentum of the charm quark in the fragmentation stage as P 2JETSET = P
2
gen + m
2
c −
m2const.. For the fragmentation of the charm quark, we used the Peterson function, and
set the parameter ǫc to be 0.07. The generated events were passed through the TOPAZ
detector simulator so as to take into account any acceptance and resolution effects.
2 Apparatus and event selection
The data were taken with the TOPAZ detector at the TRISTAN e+e− collider. The in-
tegrated luminosity was 95.3 pb−1 and the average center-of-mass energy was 58.0 GeV.
The details of the TOPAZ detector are described in references[28, 29]. In this analy-
sis, we used a time-projection chamber (TPC) for tracking and dE/dx measurements
for charged tracks. Plastic scintillation counters(TOF) surrounding the TPC were used
for time-of-flight measurements. We detected electromagnetic showers with three kinds
of calorimeters: a barrel lead-glass calorimeter (BCL), an end-cap Pb-proportional-wire-
counter-sandwich calorimeter (ECL), and a forward bismuth-germanate-crystal calorime-
ter (FCL), which cover polar angular ranges | cos θ| ≤ 0.85, 0.85 ≤ | cos θ| ≤ 0.98 ,
and 0.972 ≤ | cos θ| ≤ 0.998 (= 3.2◦), respectively. Since the FCL is very close to the
beam pipe, the calorimeter is protected from beam-induced background by an extensive
shielding system[30].
2.1 Two-photon event selection
Two-photon events were detected mainly by the charged-track trigger. The trigger re-
quired at least two charged tracks with PT > 0.3 - 0.7 GeV and an opening angle > 45
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- 70 degrees (depending on the beam condition). On the other hand, the neutral energy
trigger required that the energy deposit in the BCL had to be greater than 2 ∼ 4 GeV, or
that in the ECL had to be greater than 10 GeV. The details concerning the trigger system
can be found in reference[31]. The trigger efficiency for charmed events in two-photon
processes was estimated with a trigger simulation to be about 93%.
The hadronic events produced by two-photon interactions were selected based on the
following criteria:
1. The number of charged tracks with PT > 0.15 GeV and the polar angle | cos θ| < 0.83
had to be at least 4;
2. The position of the origin of the event(i.e. the event vertex), reconstructed from
all tracks, had to be within 1.5 cm in the xy-plane and within ± 2.0 cm along the
beam line from the interaction point;
3. The visible energy(Evis) of the event had to satisfy Evis ≤ 30 GeV, where both the
charged tracks in the TPC and the neutral clusters in the BCL were used in the
calculation of Evis;
4. The mass of the system of the observed hadrons(Wvis) had to be Wvis ≥ 3 GeV,
where the tracks in the TPC and the clusters in the BCL were used; and
5. The energy of the most energetic cluster appearing in the BCL, the ECL, or the
FCL had to be less than 0.4Ebeam.
Criterion 5 ensures the anti-tag condition, which limits the scattering angles of the
beam electrons to less than 3.2◦. We call these events an anti-tag sample. Substantial part
of which had some activities, though of relatively low energy, in the FCL. Our Monte-
Calro study showed that these activities can be naturally understood by remnant jets
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in the resolved-photon processes[2, 32]. In order to more closely study these events, we
selected them by adding the following criterion: the energy deposit in the FCL had to
be in the range 0.5 GeV < EFCLvis < 0.25Ebeam; they are called remnant-jet-tagged events.
These selection cuts left 27379 anti-tag and 13508 remnant-jet-tag events.
2.2 Electron selection
Among the selected events, electron-track candidates were searched in the momentum
range 0.4 ≤ PT ≤ 3 GeV and the polar angle rage | cos θ| ≤ 0.77.
The TOPAZ detector allows three methods for electron identification. The energy loss
(dE/dx) information from the TPC enables us to separate electrons from hadrons in the
momentum region(PT < 3GeV)[33]. The E/P ratio of the energy(E) measured by the
BCL and the momentum(P) measured by the TPC can separate electrons clearly. The
TOF was useful to resolve electrons from Kaons and protons in the overlapped region of
dE/dx.
Since the largest background source in this analysis was the electrons from the γ-
conversions at the material in front of the TPC, we first rejected the dominant part of
such electrons by the following methods. We reconstructed secondary vertices (V 0’s) from
all combinations of two tracks, and calculated the invariant mass of each V 0 assuming
that its daughter particles are electrons. For the V 0-reconstruction, two kinds of vertices,
i.e., non-crossing and crossing cases in the xy-plane (perpendicular to the beam axis) were
searched. In the former case, the distances of the two tracks at the minimum distance
position in the xy-plane were required to be less than 7 cm in the xy-plane and 3 cm in
the z-direction. In the latter case, we chose from the two crossing points that with the
shorter z-difference, and required it to be less than 1.5 cm. We then rejected the tracks
in the pair if its invariant mass was ≤ 80 MeV in the former or ≤ 150 MeV in the latter
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cases.
We also required the closest approach of each electron-track candidate to the event
vertex in the xy-plane to be < 0.5-1.5 cm depending on PT .
Among the remaining tracks, electron tracks were searched by combining the infor-
mation from the E/P ratio, dE/dx, and TOF as follows: (1) Charged tracks in the TPC
were extrapolated to the BCL. We then selected, for each TPC track, the BCL cluster
which was the closest. The E/P of each of the so-selected TPC-BCL combinations had
to satisfy 0.75 ≤ E/P ≤ 1.25. (2) The dE/dx was calculated for the electron-track can-
didate to be used in the subsequent electron counting. The resultant dE/dx was mostly
contained in the range 5.5 ≤ dE/dx ≤ 7.5 keV/cm. (3) To remove Kaons and protons in
the dE/dx overlap region, we used information from the TOF and required the track to
have a confidence level(CL) of 0.01 or better for the electron hypothesis.
The performance of electron identification is demonstrated in Fig.2, where various
distributions (the closest TPC-BCL distance(Fig.2-(a)), the E/P ratio(Fig.2-(b)), the CL
for the electron hypothesis in the TOF(Fig.2-(c)), and the dE/dx(Fig.2-(d))) are shown.
Notice that these figures were obtained with the electron candidates selected by all of
the cuts but the one on each plotted quantity. Notice in particular that Figs.2-(a) to
(c) were made with an dE/dx cut (5.5 ≤ dE/dx ≤ 7.5 keV/cm) which was used only
for purpose of displaying. As can be seen from the dE/dX distribution in Fig.2-(d), two
peaks corresponding to electrons and pions are clearly separated.
We counted the numbers of electrons in each PT bin by fitting the dE/dx distributions
with double Gaussians bin by bin. The PT binning was selected so as to approximately
equalize the number of entries in each bin. The PT resolutions were smaller than the
bin width. The numbers obtained are plotted (closed circles) in Fig.3. The errors are
statistical. The numbers of electron candidates summed over the PT bins were 214.8±15.4
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and 88.0± 9.3 for the anti-tag and the remnant-jet-tag samples, respectively.
2.3 Background estimation
These electron candidates included background tracks coming from sources other than
charm-quark decays. These background sources were studied in detail.
There remained electrons coming from γ-conversions which escaped from pair recon-
struction. They were presumably energy-unbalanced pairs, for each of which the lower PT
track was not reconstructed by the TPC. We estimated the failure rate of the V 0 recon-
struction by a Monte-Carlo simulation. The failure rate, η = NM.C.V 0failure/N
M.C.
V 0reconstructed,
was estimated for each PT -bin and was typically ∼0.4. In the calculation, we included
contributions from Dalitz decay(π0 → e+e−γ) as well as the conversion electron pairs.
In order to estimate the number of remaining background tracks from γ-conversions, we
multiplied the number of the reconstructed conversion pairs in the experiment by η in
each PT bin and obtained the cross-hatched histogram in Fig. 3. The γ-conversion and
Dalitz decay background mainly occupies the low-PT region, and comprises 23.8% of the
selected electron sample.
The background from the single-photon annihilation (e+e− → (γ) → qq¯) was es-
timated by a Monte-Carlo simulation with JETSET 6.3[27]. The parameters of this
Monte-Carlo program have been tuned by fitting the TOPAZ single-photon annihilation
data[34]. We set the maximum fractional photon energy (kmax) to be 0.99 for initial-state
radiation. The result is shown in Fig. 3 as the open area of the histogram. The electrons
which came from single-photon annihilations had high PT in general, and were estimated
to be 11.8%.
The contributions from the e+e− → e+e−τ+τ− and e+e− → τ+τ− processes were
studied by Monte-Carlo simulations which were used in previous four-lepton[25, 35] and
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lepton pair production[36] analyses. The result is shown in Fig.3 as the singly-hatched
area of the histogram, which corresponds to 12.1% of the selected electron sample. This
background has a broad PT distribution.
As for the e+e− → e+e−e+e−(γ) process, we checked its contamination experimentally.
First, we searched for events consisting of tracks all of which were consistent with the
electron hypothesis (using dE/dx). The contamination was only 3.0%. The change of
the cut on the charged multiplicity in the event selection from 4 to 5 made only 1.6%
difference seen in the electron yield. We took these numbers as being systematic errors
in the cross-section evaluation.
The beam-gas background was checked by using off-vertex events. The electron yield
in these events was consistent with zero.
These background contributions were subtracted from the data on a bin-by-bin basis in
further analysis. In total, 112.3 ± 15.4(stat.) ± 11.9(sys.)(anti-tag) and 42.9 ± 9.3(stat.)
± 6.2(sys.)(remnant-jet-tag) electrons remained after the background subtraction.
3 Results
3.1 Inclusive electron cross sections
In order to compare the data with the theoretical predictions directly, we carried out
acceptance corrections and measured (1) the transverse momentum(PT ) dependence of
the inclusive electron cross sections in γγ collisions with the anti-tag condition and (2)
the subprocess cross sections which corresponds to the resolved-photon processes. As
mentioned before, the polar angles of the selected electrons were limited to | cos θ| ≤
0.77 in order to ensure good detector performance in the electron identification. The
acceptance was determined by the Monte-Carlo simulations of the direct and resolved
processes. The resultant acceptance increased smoothly from 5% to 12% as the electron-
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PT goes up from 0.4 GeV to 3.0 GeV.
The results are shown in Figs.4-(a) and (b) for the inclusive electron cross section as
a function of the electron PT , and in Fig.5 for the cross sections which correspond to
the resolved-photon processes. Both of the results are also summarized in Tables 1 and
2, where the first errors are statistical and the second ones are systematic (as discussed
below). The errors in Figs.4-(a), (b), and Fig.5 include both of these errors added in
quadrature.
The latter cross sections were obtained by using the subsample of remnant-jet-tagged
events. With the Monte-Carlo simulation of the resolved-photon process, the efficiency
of the remnant-jets leaving an activity greater than 0.5 GeV in the FCL was evaluated
to be 73±2%, where the error was obtained by comparing the two cases both with and
without an intrinsic PT in the remnant-jet production. On the other hand, that of the
direct process was estimated to be about 7%. This contribution was subtracted in order to
obtain the cross section of the resolved-photon process. In spite of an extensive shielding
system protecting the FCL from beam-induced background, continuous(random) activities
were still observable. These activities were estimated to be 10% from independent event
samples(large-angle Bhabha events and random triggered events) and were subtracted.
The inclusive electron cross section integrated over the intervals 0.4 ≤ PT ≤ 3.0 GeV
and | cos θ| ≤ 0.77 was measured to be
19.3 ± 2.7 (stat.) ± 2.1 (sys.) pb,
while that of the subprocess (resolved-photon process) over the same intervals was
7.8 ± 1.7 (stat.) ± 1.1 (sys.) pb.
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3.2 Systematic errors
The systematic uncertainty quoted above resulted from the various sources discussed
below.
1. The uncertainty from the background estimation for γ-conversions and Dalitz decays
was estimated to be 10 - 18% by changing the cuts on V 0 reconstruction, and by
using independent information from the inner tracking device. Since we used the
actual number of V 0’s to estimate the background, the statistical error on that
number was dominant.
2. The cut dependence was studied by changing the cuts for the event and electron
selections by ±10% from the nominal cut values. The uncertainty estimated this
way was about 15%.
3. Two fitting methods were applied in order to obtain the number of electrons from
the dE/dx distribution in each PT bin. First, the fitting was carried out by fixing the
center value and the resolution to the values obtained from the entire electron sam-
ple. In the second method, the fitting was carried out by making these parameters
completely free. The two methods gave a difference of about 5%.
4. The uncertainty in the luminosity measurement was 4%.
5. The Monte-Carlo statistics for the acceptance correction and the background estima-
tion for the processes e+e− → e+e−τ+τ− and e+e− → qq¯ were treated as systematics
errors. The total systematic error from the Monte-Carlo statistics was 5%.
6. As described before, we regarded the e+e− → e+e−e+e− background as being a
systematic error source. The systematic error from this source differed from bin to
bin, but was typically about 4%.
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7. The uncertainty in the tagging efficiency of the remnant-jet (2%) was included in
the error on the sub-process cross section.
The total systematic errors were then obtained to be from 20 to 35%, depending on
the value of PT .
4 Discussions
The predictions of the charm-quark-production cross sections based on the direct and
resolved-photon processes are compared with the data in Figs.4-(a) and (b), and the
integrated cross sections are summarized in Table 2. The lowest-order(LO) predictions are
shown in Fig.4-(a), while Fig.4-(b) shows the higher-order(next-to-leading-order(NLO))
predictions[11, 13, 14]. The NLO corrections increase the cross sections by about 31%
for the direct process. The effects of the charm-quark mass are also shown in the two
histograms of direct+LAC1 predictions in Figs. 4-(a) and (b) as well as in Table 2. From
these figures and the table, it is clear that the direct process(solid histogram) alone falls
short of the observed inclusive electron cross section, being consistent with the previous
D∗± analysis[13, 14].
The direct process alone cannot explain the remnant-jet activities, either. The subpro-
cess cross sections obtained from the remnant-jet-tag sample are compared to the predic-
tions from the resolved-photon processes alone in Fig. 5, where the NLO corrections are
included in the theoretical predictions. From this figure and Fig. 4, we can conclude that
the data agree better with the prediction based on the LAC1 parametrization than that
based on the DG parametrization. As mentioned before, this inclusive electron measure-
ment is sensitive to the difference in the parton distributions for the kinematical region
of x down to 0.02. The difference in the predictions of LAC1 and DG results mainly from
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the difference in the gluon distribution at small x less than 0.1. Our results indicate that
the gluon content increases rather rapidly at the small-x region(x < 0.1).
5 Conclusions
We have studied inclusive electron productions in γγ collisions at
√
s = 58 GeV and mea-
sured the inclusive electron cross sections, imposing an anti-tag condition. The subprocess
cross sections corresponding to resolved-photon processes were also measured separately
by using a remnant-jet-tag sample. The results were compared with the predictions of
charm-quark production based on the direct and resolved-photon processes. Here, in the
predictions, the uncertainties caused by the charm-quark mass and the effect of the next-
to-leading order corrections were studied. The direct process alone can explain neither the
cross sections nor the remnant-jet activities. The comparison with the predictions of the
sum of the direct and resolved-photon processes showed that our data were well explained
if the LAC1 parametrization, which has relatively large gluon contents at small x, was
taken for the parton distribution in a photon and the NLO corrections were included.
On the other hand, the DG parametrization could not explain the data even if the NLO
corrections and the effect of the charm-quark mass were taken into account.
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Table 1, M. Iwasaki et. al., Physics Letters B.
electron-PT dσ/dPT
(GeV) anti-tag remnant-jet-tag no-tag
0.4 - 0.5 56.1 ± 17.1 ± 13.6 26.0 ± 11.4 ± 7.2 71.3 ± 17.3 ± 16.4
0.5 - 0.6 50.6 ± 13.8 ± 10.9 20.3 ± 8.3 ± 5.2 48.7 ± 11.9 ± 10.6
0.6 - 0.8 20.8 ± 6.0 ± 4.8 8.0 ± 3.0 ± 2.3 26.6 ± 5.9 ± 5.9
0.8 - 1.1 8.2 ± 2.8 ± 1.7 2.9 ± 1.7 ± 1.1 12.7 ± 2.9 ± 2.2
1.1 - 1.5 2.2 ± 1.3 ± 1.2 1.3 ± 1.1 ± 0.8 3.8 ± 1.4 ± 2.0
1.5 - 3.0 0.7 ± 0.3 ± 0.3 0.2 ± 0.2 ± 0.2 0.9 ± 0.3 ± 0.3
Table 1: Differential cross sections dσ/dPT (| cos θ| ≤ 0.77)(pb/GeV) of inclusive elec-
tron productions shown as functions of the electron-PT . The cross sections with anti-tag
and no-tag conditions, as well as the remnant-jet-tag cross section corresponding to the
resolved-photon process are shown in the table, where the cross section under the no-tag
condition was obtained from the sample without the anti-tag cut (criterion 5) in section
2.1. This cross section was obtained by using the detection efficiency calculated with the
photon-flux factor of eq.(1) with θmax = π.
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Table 2, M. Iwasaki et. al., Physics Letters B.
anti-tag remnant jet-tag
σdata (pb) 19.3 ± 2.7 ± 2.1 7.8 ± 1.7 ± 1.1
LO NLO LO NLO
charm-quark mass (GeV) 1.5 1.3 1.5 1.3 1.5 1.3 1.5 1.3
σdirect 5.8 6.7 7.6 8.8 - - - -
σDG (pb) 1.7 2.2 2.0 2.5 1.7 2.2 2.0 2.5
σLAC1 5.0 6.8 6.3 8.3 5.0 6.8 6.3 8.3
σdirect+DG 7.5 8.9 9.6 11.3 - - - -
σdirect+LAC1 (pb) 10.8 13.5 13.9 17.1 - - - -
Table 2: Measured inclusive electron cross sections integrated over the PT region from
0.4 to 3.0 GeV for | cos θ| ≤ 0.77, together with the theoretical predictions based on the
direct and resolved-photon processes. The dependence on the charm-quark mass and the
effect of the NLO corrections are also shown.
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Figure captions
Figure 1: Examples of diagrams contributing to the hadron production in two-photon
processes: (a) direct(QPM) process,(b) one-resolved-photon process, (c) two-resolved pro-
cess, (d) VDM process.
Figure 2: Various distributions for electron candidates: (a) the distance between a TPC
track and its closest BCL cluster, (b) E/P, (c) the confidence level (CL) for the TOF,
and (d) dE/dx. Each of these distributions was obtained with all the cuts but that on
the plotted quantity.
Figure 3: Observed number of electrons as a function of PT . The closed circles are the
experimental data, while the histograms are the background components estimated by
various methods described in the text. The cross-hatched area is the background from
γ-conversions and π0 Dalitz decays, the singly-hatched area is from e+e− → e+e−τ+τ−,
and the open area from single photon annihilations.
Figure 4: Differential cross section, dσ/dPT (| cos θ| ≤ 0.77)(pb/GeV), of inclusive elec-
tron productions plotted against the electron-PT , where anti-tag condition is imposed.
The closed circles are the experimental data, while the histograms are the theoretical pre-
dictions of (a) LO and (b) NLO ; the solid lines are the direct only, the dotdashed lines
are the direct+DG, the dotted lines are the direct+LAC1 with a charm-quark mass of
1.5GeV, and the dashed lines are the direct+LAC1 with a charm-quark mass of 1.3GeV.
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Figure 5: Differential cross section, dσ/dPT (| cos θ| ≤ 0.77)(pb/GeV), of inclusive elec-
tron productions as a function of the electron-PT obtained from the remnant-jet-tagged
sample. The closed circles are the experimental data, while the histograms are the theo-
retical predictions with the NLO corrections; the dotdashed line is DG, the dotted line is
LAC1 with a charm-quark mass of 1.5GeV, and the dashed line is LAC1 with a charm-
quark mass of 1.3GeV.
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